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(57) ABSTRACT

A metal trench de-coupling capacitor structure includes a
vertical trench disposed in a substrate, an insulating layer
deposited on the sidewall of the vertical trench, an inter-
layer dielectric layer covering the substrate and the insulat-
ing layer, and a metal layer penetrating the interlayer dielec-
tric layer to fill up the vertical trench. The metal layer is
electrically connected to a power source.
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1
METAL TRENCH DECOUPLING
CAPACITOR STRUCTURE PENETRATING
THROUGH A SHALLOW TRENCH
ISOLATION

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Taiwanese Appli-
cation 102131715, filed Sep. 3, 2013.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a metal trench
de-coupling capacitor structure. In particular, the present
invention is directed to a deep metal trench de-coupling
capacitor structure, to avoid the interference of power noise.

2. Description of the Prior Art

Generally speaking, as shown in FIG. 10, semiconductor
elements 40 are usually various semiconductor elements 40
disposed on the element region 41 of the substrate 10.
Optionally, the element region 41 may include various
electronic elements. For example, various adjacent element
regions 41 include electronic elements generating different
types of signals. For instance, various adjacent element
regions 41 may be a digital circuit element region 42, a radio
frequency (RF) circuit element region 43, or an analog
circuit element region 44. Because element regions 41 of
different functions generate different types of signals, these
signals may couple one another by means of common power,
or become the noise of other signals.

Generally speaking, element regions 41 of different func-
tions tolerate noise differently. For example, a digital circuit
element region 42 generates digital signals. On one hand, the
quality of a digital signal is indifferent to a considerable
amount of noise which the digital signal itself carries. On the
other hand, either a pure digital signal itself or its associated
noise is likely to become the noise of other kinds of more
sensitive signal types. Relatively speaking, a digital circuit
element region 42 carries more noise than other element
regions. In other words, the digital signal itself is indifferent
to noise, but it could be the source of noise to other types of
signals which are more sensitive to noise. In short, different
element regions may tolerate power noise differently.

Because the power domains are increasing and the opera-
tional frequencies are increasing as well, they make power
noise stronger and stronger because the sudden change of
the electric current generates voltage pulse caused by the
inductive behaviors of metal wires. Therefore, a new way is
still needed to minimize as much as possible or to even
eliminate the influence of power noise on different element
regions. Preferably, it is also compatible with the current
semiconductor manufacturing process.

SUMMARY OF THE INVENTION

In view of this, the present invention therefore proposes
a metal trench de-coupling capacitor structure to avoid the
interference of power noise. The metal trench de-coupling
capacitor structure of the present invention has metal piles
deeply rooted in the substrate and electrically connected to
the power, to suppress power noise.

The present invention in a first aspect proposes a metal
trench de-coupling capacitor structure. The metal trench
de-coupling capacitor structure includes a substrate, a ver-
tical trench, an insulating layer and an inter-metal connec-
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tion layer. The vertical trench is disposed in the substrate.
The insulating layer is disposed on the sidewall of the
vertical trench. The inter-metal connection layer is disposed
on the substrate and fills up the vertical trench. The inter-
metal connection layer is electrically connected to a power.

In one embodiment of the present invention, the metal
trench de-coupling capacitor structure further includes an
inter-metal dielectric layer. The inter-metal dielectric layer is
disposed on the interlayer dielectric layer to cover the
interlayer dielectric layer. The inter-metal connection layer
is disposed in the inter-metal dielectric layer and penetrates
the interlayer dielectric layer.

The present invention in a second aspect proposes a
method of a metal trench de-coupling capacitor structure.
First, a substrate which is covered by an interlayer dielectric
layer is provided. Second, a dual damascene process is
carried out. A damascene opening and a vertical trench are
accordingly formed so that the damascene opening is dis-
posed in the interlayer dielectric layer and the vertical trench
penetrates the interlayer dielectric layer and goes into the
substrate. Then, an insulating layer is formed on the inner
wall of the vertical trench. Later, the damascene opening and
the vertical trench are simultaneously filled up with a metal
so that the damascene opening becomes a dual damascene
structure, and the vertical trench turns into a metal trench
de-coupling capacitor structure.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
after reading the following detailed description of the pre-
ferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 to FIG. 7 illustrates the method for forming a metal
trench de-coupling capacitor structure of the present inven-
tion.

FIG. 8 illustrates the metal trench de-coupling capacitor
structure and the first inter-metal connection layer is inte-
grally formed.

FIG. 9 illustrates the metal trench de-coupling capacitor
structure and the second inter-metal connection layer is
integrally formed.

FIG. 10 illustrates semiconductor elements in prior art.

DETAILED DESCRIPTION

The present invention provides a metal trench de-coupling
capacitor structure and a method for forming the metal
trench de-coupling capacitor structure. The inter-metal con-
nection layer in the metal trench de-coupling capacitor
structure goes deeply in the substrate to form a de-coupling
capacitor structure along with the substrate and the insulat-
ing layer. The inter-metal connection layer is electrically
connected to a power source. The metal trench de-coupling
capacitor structure is able to decrease the abnormal voltage
pulse and the power noise.

First, the present invention provides a method of forming
a metal trench de-coupling capacitor structure. FIG. 1 to
FIG. 7 illustrate the method for forming a metal trench
de-coupling capacitor structure of the present invention.
First, as shown in FIG. 1, a substrate 10 is provided. The
substrate may be a semiconductor substrate, for example a
silicon substrate, an epitaxial silicon substrate, a silicon
germanium substrate, a silicon carbide substrate or a silicon-
on-insulator (SOI) substrate, but it is not limited to this. The
substrate 10 is usually grounded. In addition, in the substrate
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10 there may be several pre-formed shallow trench isola-
tions 30 use as an electric isolation. The shallow trench
isolations 30 are used to segregate semiconductor elements
40 which are adjacent to one another. The shallow trench
isolations 30 may be formed as follows. First, some vertical
trenches (not shown) for use in shallow trench isolations are
formed by etching the substrate 10 with the help of a hard
mask (not shown). Then, the previously formed vertical
trenches are filed with an insulating material (not shown),
and the excess insulating material is removed by a planariza-
tion process. The resultant shallow trench isolations 30 are
obtained when the hard mask (not shown) is removed.

Then, as shown in FIG. 2, after the shallow trench
isolation 30 in the substrate 10 is completed, optional
semiconductor elements 40 are formed in the substrate 10.
The semiconductor element 40 usually has a source (not
shown), a drain (not shown) and a gate (not shown). The
semiconductor elements 40 are usually various semiconduc-
tor elements 40 disposed in different element regions 41.
Optionally, the element regions 41 include various elec-
tronic elements; preferably, different element regions 41
include electronic elements which generate different types of
signals. For example, different element regions 41 may be a
digital circuit element region 42, a RF circuit element region
43, an analog circuit element region 44 or a dummy element
region 45.

Then, after the completion of semiconductor elements 40
in different element regions 41, as shown in FIG. 3, an
interlayer dielectric layer 20 is used to cover the substrate 10
and the finished semiconductor elements 40 so that the
substrate 10 becomes a substrate 10 to be covered by an
interlayer dielectric layer 20. The interlayer dielectric layer
20 is usually an insulating material, such as a silicon-oxide-
containing insulating material (for example, USG or FSG).

Next, as shown in FIG. 4, a damascene process is carried
out in the interlayer dielectric layer 20 and in the substrate
10. This damascene process forms metal piles which go
deeply in the substrate 10 to form a larger de-coupling
capacitor to effectively decrease abnormal voltage pulse and
power noise. First, as shown in FIG. 4, the needed dama-
scene opening 51 and the vertical trench 52 are formed so
that the damascene opening 51 is disposed above the inter-
layer dielectric layer 20 and above the substrate 10. The
vertical trench 52 penetrates the interlayer dielectric layer 20
and goes into the substrate 10. Conventional procedures may
be used to form the damascene opening 51 and the vertical
trench 52. For example, a photoresist (not shown) along with
a lithography and an etching process may be used to form a
damascene opening 51 and a vertical trench 52.

Preferably, the vertical trench 52 in substrate 10 is as deep
as possible. In one embodiment of the present invention, the
vertical trench 52 is deeper than at least one semiconductor
element 40 in the element region 41 and the shallow trench
isolation 30. For example, the vertical trench 52 is deeper
than any of the semiconductor element 40 in the element
region 41. Or, the depth of the vertical trench is at least
greater than 5 pm. Preferably, the depth of the vertical trench
may be about 30 um-100 um. In addition, the width of the
vertical trench 52 may be about 3 um-10 um. Generally
speaking, the depth of the vertical trench 52 is dependent
upon the width of the vertical trench 52. For example, the
larger the width of the vertical trench 52 is, the deeper of the
vertical trench 52 could be. Preferably, the depth of the
vertical trench 52 is about 10 times greater than the width.
The capacitance of the metal trench de-coupling capacitor
structure is proportional to the area of the sidewall of the
metal trench and can be well adjusted.
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In addition, in another embodiment of the present inven-
tion, as shown in FIG. 5, the vertical trench 52 may possibly
penetrate any of the shallow trench isolation 30, for example
the shallow trench isolation 30 between the element regions
41, and surrounded by the shallow trench isolation 30.
Preferably, there are more sensitive element regions 41
adjacent to this shallow trench isolation 30, such as a radio
frequency circuit element region 43 or an analog circuit
element region 44. Each element region may have individual
metal trench de-coupling capacitor which is exclusively for
the element region. Usually, the power of different element
region comes from the same power source but in a chip each
element region is independent. The metal trench de-coupling
capacitor which is exclusively for the element region may be
connected to different power domains by different metal
connections. In another embodiment of the present inven-
tion, as shown in FIG. 6, the vertical trench 52 may
conformally penetrate the shallow trench isolation 30, and is
surrounded by the shallow trench isolation 30. This is
effective in increasing the capacitance of the metal trench
de-coupling capacitor structure.

Further, optionally, as shown in FIG. 4, the vertical trench
52 may also be disposed in a dummy element region 45 and
is surrounded by a shallow trench isolation 30. Due to the
current requirements of the element density of the semicon-
ductors in the substrate 10 the higher the better, the normal
element regions may not always have enough space to
accommodate the metal trench de-coupling capacitor struc-
ture 50 of the present invention. Accordingly, the present
invention may possibly arrange the vertical trench 52 in the
dummy region 45, for example the dummy region 45 for the
dummy patterns, to save the area for accommodating the
semiconductor elements 40 on the substrate 10.

Afterwards, as shown in FIG. 7, an insulating layer 54 is
formed on the inner wall 53 of the vertical trench 52. The
insulating layer 54 may be any insulating material which is
compatible with the substrate 10, for example silicon oxide,
silicon nitride, and various high dielectric constant insulat-
ing layers, and may have different shapes due to different
process. For example, optionally the silicon-containing sub-
strate 10 may be oxidized to obtain an insulating layer 54 A
on the inner wall 53 of the vertical trench 52. Alternatively,
a deposition method may be used, such as a plasma
enhanced chemical vapor deposition (PECVD), to obtain an
insulating layer 54B on the inner wall 53 of the vertical
trench 52. However, both the insulating layer 54A and the
insulating layer 54B are only an example of the insulating
layer 54. The thickness of the insulating layer 54 may be
around 10 A~around 100 A and may include a single layer
or, the same or different composite layers. The capacitance
of the metal trench de-coupling capacitor structure is
inversely proportional to the thickness of the insulating layer
54 and can be well adjusted.

Then, as shown in FIG. 8, the inter-metal connection layer
55 fills the vertical trench 52 and the damascene opening 51
at the same time so that the damascene opening 51, the
vertical trench 52 and the inter-metal connection layer 55
together form a part of the metal trench de-coupling capaci-
tor structure. The inter-metal connection layer 55 may be
part of the first inter-metal connection layer (M1), and may
be any metal, preferably copper, tungsten, or aluminum. The
metal layer 55 may further includes a barrier, such as Ti/TiN,
or Ta/TaN. The metal trench de-coupling capacitor structure
50 is the metal piles deeply in the substrate 10 to de-coup the
noise to keep it from interfering with other signals from
other more sensitive regions.
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At this time, as shown in FIG. 8, the lateral extending
portion 56 and the vertical penetrating portion 57 in the
metal trench de-coupling capacitor structure 50 along with
the first inter-metal connection layer (M 1) may be formed at
the same time, which means that the metal trench de-
coupling capacitor structure 50 and the first inter-metal
connection layer (M1) may be integrally formed. If the first
inter-metal connection layer (M1) is not electrically con-
nected to an external circuit, the inter-metal connection layer
55 is not electrically connected to the external circuit either,
so the metal trench de-coupling capacitor structure 50 is in
a floating state. If the first inter-metal connection layer (M1)
is electrically connected to a power source, the inter-metal
connection layer 55 is electrically connected to the power
source t0o, so the metal trench de-coupling capacitor struc-
ture 50 is electrically connected to the power source.

Or, as shown in FIG. 9, after the completion of the
interlayer dielectric layer 20 the damascene process is not
carried out or alternatively, the inter-metal dielectric layer 60
is formed on the interlayer dielectric layer 20 before the step
of the damascene process between the inter-metal dielectric
layer 60 and the substrate 10. At this moment, the inter-metal
dielectric layer 60 is disposed on the interlayer dielectric
layer 20 to cover the interlayer dielectric layer 20. The
inter-metal dielectric layer 60 is usually an insulating mate-
rial, such as a silicon-oxide-containing insulating material
(for example, USG or FSG). In such a way, the damascene
process may also form the needed damascene opening 51
and the needed vertical trench 52, so that the damascene
opening 51 is disposed above the inter-metal dielectric layer
60, above the interlayer dielectric layer 20 and above the
substrate 10. The vertical trench 52 penetrates the inter-
metal dielectric layer 60 and the interlayer dielectric layer 20
to go into the substrate 10. Conventional methods may be
used to form the damascene opening and the vertical trench.
For example, a photoresist (not shown) along with a lithog-
raphy process and an etching process may be used to form
the damascene openings and the vertical trenches.

If the aforesaid dual damascene process is carried out in
the inter-metal dielectric layer 60 and the dielectric substrate
10, the lateral extending portion 56 and the vertical pen-
etrating portion 57 in the metal trench de-coupling capacitor
structure 50 along with the second inter-metal connection
layer (M2) may be formed at the same time, which means
that the metal trench de-coupling capacitor structure 50 and
the second inter-metal connection layer (M2) are integrally
formed. The second inter-metal connection layer (M2) is
usually electrically connected to a metal routing 61 or to a
power source. If the second inter-metal connection layer
(M2) is electrically connected to a power source, the inter-
metal connection layer 55 is electrically connected to the
power source t00.

After the above steps, a metal trench de-coupling capaci-
tor structure 50 is the result of the process of the present
invention. Please refer to FIG. 8 or FIG. 9, the metal trench
de-coupling capacitor structure 50 of the present invention
includes an element region 41 disposed in the substrate 10,
a vertical trench 52, an insulating layer 54, a lateral extend-
ing portion 56 and a vertical penetrating portion 57 in the
inter-metal connection layer 55, and an inter-layer dielectric
layer 20 disposed on the substrate 10. The substrate 10 may
be a semiconductor substrate, for example a silicon sub-
strate, an epitaxial silicon substrate, a silicon germanium
substrate, a silicon carbide substrate or a silicon-on-insulator
(SOI) substrate, but it is not limited to this.

The metal trench de-coupling capacitor structure 50 dis-
posed in the substrate 10 of the present invention may be

10

15

20

25

30

35

40

45

50

55

60

65

6

additionally surrounded by a shallow trench isolation 30.
Optionally, the metal trench de-coupling capacitor structure
50 may penetrate any shallow trench isolation 30, for
example penetrate the shallow trench isolation 30 between
the element regions 41, and is surrounded by this shallow
trench isolation 30. Preferably, there are more sensitive
element regions 41 adjacent to this shallow trench isolation
30, such as a RF circuit element region 43 or an analog
circuit element region 44. In another embodiment of the
present invention, as shown in FIG. 6, the vertical trench 52
may conformally penetrate the shallow trench isolation 30,
and is surrounded by the shallow trench isolation 30. In still
another embodiment of the present invention, as shown in
FIG. 9, the metal trench de-coupling capacitor structure 50
may be disposed in a dummy region 45, for example in a
dummy pattern, in order to save the area of the substrate 10
and is surrounded by the shallow trench isolation 30.

The element region 41 of the present invention may
include different semiconductor elements 40, so that the
shallow trench isolation 30 surrounds at least one the
element region 41 of the semiconductor element 40. Option-
ally, the element regions 41 include various electronic
elements; preferably, different element regions 41 include
electronic elements which generate different types of sig-
nals. For example, different element regions 41 may be a
digital circuit element region 42, a RF circuit element region
43, an analog circuit element region 44 or a dummy element
region 45. Because element regions 41 of different functions
generate different types of voltage noise, this kind of voltage
noise may interfere with one another through a mutual
source connection. The metal vertical trench de-coupling
capacitor structure 50 of the present invention is able to
reduce the noise as much as possible.

The vertical trench 52 of the metal trench de-coupling
capacitor structure 50 of the present invention goes into the
substrate 10 as deep as possible. The interlayer dielectric
layer 20 covers the insulating layer 54 and the substrate 10,
but exposes the vertical trench 52. In one embodiment of the
present invention, the vertical trench 52 is deeper than at
least one semiconductor element 40 in the element region
41. For example, the vertical trench 52 is deeper than any of
the semiconductor element 40 in the element region 41. Or,
the depth of the vertical trench is at least greater than 5 pm.
Preferably, the depth of the vertical trench may be about 30
um-100 pm. In addition, the width of the vertical trench 52
may be about 3 pm-10 um. Generally speaking, the depth of
the vertical trench 52 is dependent upon the width of the
vertical trench 52. For example, the larger the width of the
vertical trench 52, the deeper of the vertical trench 52 could
be. Preferably, the depth of the vertical trench 52 is about 10
times greater than the width. The capacitance of the metal
trench de-coupling capacitor structure is proportional to the
area of the sidewall of the metal trench and can be well
adjusted.

The insulating layer 54 in the metal trench de-coupling
capacitor structure 50 of the present invention serves as an
insulating material between the metal layer 55 and the
substrate 10. The insulating layer 54 may be any insulating
material which is compatible with the substrate 10, for
example silicon oxide, silicon nitride, and various high
dielectric constant insulating layers, and may have different
shapes due to different process. For example, as shown in
FIG. 7, optionally the silicon-containing substrate 10 may be
oxidized to obtain an insulating layer 54 A on the inner wall
53 of the vertical trench 52. Alternatively, a deposition
method may be used, such as a plasma enhanced chemical
vapor deposition (PECVD), to obtain an insulating layer
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54B on the inner wall 53 of the vertical trench 52. However,
both the insulating layer 54A and the insulating layer 54B
are only an example of the insulating layer 54. The thickness
of the insulating layer 54 may be around 10 A~around 100
A and may include a single layer or the same or different
composite layers. The capacitance of the metal trench de-
coupling capacitor structure is inversely proportional to the
thickness of the insulating layer 54 and can be well adjusted.

Accordingly, the inter-metal connection layer 55, the
insulating layer 54 and the substrate 10 together form the
metal trench capacitor structure 50 for use in de-coupling.
The inter-metal connection layer 55 and the substrate 10
both electrically connected to a power source respectively
serve as the upper and lower electrode of the metal trench
de-coupling capacitor structure 50 and the insulating layer
54 serves as the dielectric layer of the metal trench de-
coupling capacitor structure 50. Because the trench 52 is
deep enough, the metal trench de-coupling capacitor struc-
ture 50 is highly capable of eliminate the interference. The
inter-metal connection layer 55 may be any metal, such as
Al, W or Cu. The lateral extending portion 56 and the
vertical penetrating portion 57 of the metal trench de-
coupling capacitor structure 50 may collectively form a T- or
an L-shape.

The metal trench de-coupling capacitor structure 50 of the
present invention may merely penetrate the interlayer dielec-
tric layer 20 and the substrate 10, or further penetrate the
inter-metal dielectric layer 60 on the interlayer dielectric
layer 20. If the metal trench de-coupling capacitor structure
50 of the present invention merely penetrates the interlayer
dielectric layer 20 and the substrate 10, as shown in FIG. 8,
the inter-metal connection layer 55 in the metal trench
de-coupling capacitor structure 50 and the first inter-metal
connection layer (M1) are formed at the same time. In other
words, the inter-metal connection layer 55 in the metal
trench de-coupling capacitor structure 50 are formed inte-
grally along with the first inter-metal connection layer (M1).
If the first inter-metal connection layer (M1) is not electri-
cally connected to an external circuit, the inter-metal con-
nection layer 55 is not electrically connected to the external
circuit either, so the metal trench de-coupling capacitor
structure 50 is in a floating state. If the first inter-metal
connection layer (M1) is electrically connected to a power
source, the inter-metal connection layer 55 is electrically
connected to the power source too, so the metal trench
de-coupling capacitor structure 50 is electrically connected
to the power source.

If the metal trench de-coupling capacitor structure 50 of
the present invention further penetrates the inter-metal
dielectric layer 60, as shown in FIG. 9, the metal trench
de-coupling capacitor structure 50 and the second inter-
metal connection layer (M2) may be formed at the same
time, which means that the metal trench de-coupling capaci-
tor structure 50 and the second inter-metal connection layer
(M2) are integrally formed. The second inter-metal connec-
tion layer (M2) is usually electrically connected to a metal
routing 61 or to a power source. If the second inter-metal
connection layer (M2) is electrically connected to a power
source, the inter-metal connection layer 55 is electrically
connected to the power source too.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.
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What is claimed is:

1. A metal trench de-coupling capacitor structure, com-
prising:

a substrate which is grounded, comprising a shallow

trench isolation;

a vertical trench disposed in said substrate, penetrating
said shallow trench isolation and partially surrounded
by said shallow trench isolation;

an insulating layer disposed on the sidewall of said
vertical trench; and

a metal connection layer comprising a lateral extending
portion, disposed on said substrate and filling up said
vertical trench, wherein said metal connection layer is
electrically connected to a power;

wherein said substrate further comprises at least one
element region adjacent to said vertical trench so that
said shallow trench isolation partially surrounds at least
one said element region.

2. The metal trench de-coupling capacitor structure of
claim 1, wherein at least one said element region comprises
a digital circuit element region, an analog circuit element
region, a dummy element region or a radio frequency circuit
element region.

3. The metal trench de-coupling capacitor structure of
claim 2, wherein said vertical trench is deeper than any
semiconductor element in the at least one said element
region.

4. The metal trench de-coupling capacitor structure of
claim 2, wherein said metal connection layer decreases a
power noise coming from at least one said element region by
means of de-coupling.

5. The metal trench de-coupling capacitor structure of
claim 1, wherein said vertical trench conformally penetrates
said shallow trench isolation and is partially surrounded by
said shallow trench isolation.

6. A metal trench de-coupling capacitor structure, com-
prising:

a substrate which is grounded;

a vertical trench penetrating a shallow trench isolation and

disposed in said substrate;

an insulating layer disposed on the sidewall of said
vertical trench; and

a metal connection layer comprising a lateral extending
portion, disposed on said substrate, without directly
contacting said shallow trench isolation and filling up
said vertical trench, wherein said metal connection
layer is electrically connected to a power.

7. The metal trench de-coupling capacitor structure of

claim 6, wherein said substrate further comprises:

at least one element region adjacent to said vertical
trench; and

a shallow trench isolation, to partially surround at least
one said element region.

8. The metal trench de-coupling capacitor structure of
claim 7, wherein at least one said element region comprises
a digital circuit element region, an analog circuit element
region, a dummy element region or a radio frequency circuit
element region.

9. The metal trench de-coupling capacitor structure of
claim 7, wherein said vertical trench is deeper than any
semiconductor element in at least one said element region.

10. The metal trench de-coupling capacitor structure of
claim 7, wherein said metal connection layer decreases a
power noise coming from at least one said element region by
means of de-coupling.
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